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from numpy i t array, exp, random, dot

array([ife ;3 e 81 (G811 R a TR [nee | Sa] e A | )
array([[e, 1, 1, e]1]).T

random.seed(1)
weights = 2 * pandom.random((3, 1)) - 1
For 1 in range(1€ee8):

output = 1 / (1 + exp(-dot(X, weights)))
error = y - output

delta = error * output * (1 - output)
weights += dot(X.T, delta)

, weights, end='\n\n")
= 5 1/ (1 + exp(-dot([[1, 1, @]], weights))))

Python

[[ 9.67299303]
[-0.2078435 ]
[-4.62963669]]

[[0.9999225]]
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from numpy import array, exp, random, dot
X = array([[@, e, 1], [1, 1, 1], [1, e, 1], [eo, 1, 1]])
y = array([[0, 1, 1, @]]).T

random.seed(1)

weights = 2 * random.random((3, 1)) - 1

for i in range(10000):
output = 1 / (1 + exp(-dot(X, weights)))
error =y - output
delta = error * output * (1 - output)
weights += dot(X.T, delta)

print ("ML HE: ', weights, end='\n\n")
print(" AWM ) 1 / (1 + exp(-dot([[1, 1, ©]], weights))))
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* NEC KEL/MITIK
e UIUC Tom Huang

e sparse coding+SVM

. 43 |
« 2012 BEMRREIFRI
« 2015 T ZRBIeE A
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e 2017 Albeefl]ig A
o |HE Thomas S. Huang
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e Xerox Research Centre Europe
e Support Vector Machine
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Xerox Research Center Europe ® conncT To R |

Summary Technology Signals & News

f1 About

One out of four Xerox Research Centers. The Europe branch specialized in Al, machine
learning, computer vision and language processing.

Acquired by
m Naver Corporation

9 Meylan, Rhone-Alpes, France

Shanghai Al Laboratory | May 2022

s Recent News & Activity

» Acquisition * Jun 26, 2017
Naver Corporation acquired Xerox Research Center Europe for an undisclosed amount
Discover more acquisitions
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* Alex Krizhevsky
s ZRBKE

e Geoffrey E. Hinton
« RFEE - FR
. “REFN ZR
« 2018 [E|R3Z
« f£4¢ George Boole
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C3: f. maps 16@10x10
INPUT gézfg:gge maps S4: f. maps 16@5x5
32x32 S2:f. maps
2|

6@14x14

q

T Full confaction Learning representations
swsamping  Fulom| by hack-propagating errors

Convolutions Subsampling Convolutions

}u

s Alex AT 4 s BEEE
- yWEE ARBEL ol Al

CNN (Convolutional Neural Networks) i o e B B Uiy, o B,

[ ]
. San Diego, La folla, C.nﬁl'nrni:n G2003, USAI .-
 Back Propagation (1986) Pltarth, Phiadeip 5213 Hgh b ellen ety
VAT . . .
e« FREIBILEIE (Universal Approximation Theorem)
> A imation Capabiliti f Multila
» Perceptron (E:EIH1) O VerdMorwned Networks,

HBiE_EE el RS

RT HORNIK

Technische Universitat Wien. Vienna. Austria
(Received 30 January 1990: revised and accepted 25 QOctober 1990)

Abstract—We show that standard multilayer feedforward networks with as few as a single hidden layer and
arbitrary bounded and nonconstant activation function are universal approximators with respect to L'(y) per-
formance criteria, for arbitrary finite input environment measures u, provided only that sufficiently many hidden
units are available. If the activation function is continuous, bounded and nonconstant. then continuous mappings
can be learned uniformly over compact input seis. We also give verv general conditions ensuring that networks
with sufficiently smooth activation functions are capable of arbitrarily accurate approximation 1o a function and
its derivatives.

hg(x) = sign Zﬂixl-
=

Y

L(w,b) = 2 Y yi(w-z; +b)

Keywords—Multilayer feedforward networks, Activation function, Universal approximation capabilitics. Input
environment measure, £7(x) approximation, Uniform approximation, Sobolev spaces, Smooth approximation
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LeNet-5 (1998)

Local Receptive Fields (&
Shared Weights (H£EfUE)
Pooling (jt11t)

NoREH

UE

D12 AlexNet

B ek 5 B )

INPUT
32x32

C1: feature maps
B@26x28

Convolutions

S2: f. maps
6@14x14

Subsampling

C3:f. maps 16@10x10
S4: f. maps 16@5x5

Convolutions

C5: layer

Original

F&: layer

Full DDHIJIECHEI!'I
Subsampling

10

OUTPUT

1

Full connection

Gaussian connections
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e backpropa-

f & successful

appropriate

algorithms

Emboss facn that cun
classify high-dimensional patterns such as handwritten char-
acters, with minimal preprocessing. This paper reviews var-
ious methods applied to handwritten character recognition
and compares them on a standard handwritten digit recog-
nition task. Convolutional Neural Networks, that are apuuf-
ly designed to deal with the variability of 2D shapes, are
shown to outperform all other techniques.
Real-life d i

(1] 0 0 o 1] o o 0 0 [']
o o o 1] o o 1] o o
o o B o e 0 0 0o 0
o o [ [ ¢ 0 0 o 0
o o [N o o 0 0o 0
o o & e 0 0 0o 0

ccifiENEEEEEE-
EEEEEEE -

(] 0 o 1 o 0
0o 0 0 i} [ o 0
o 0 o 1] o o 0

earning Applied to Document
Recognition

ottou, Yoshua Bengio, and Patrick Haffner

L InTrRODUCTION

0\ er the last several years, machine learning technigues,
when applied to neural networks, have played
iportant role in the design of pattern
In fact, it could be argued that the
availability of learning techniques has been a crucial fac-
tor in the recent success of pattern recognition applica-
tions such as continuous speech recognition and handwrit-
ing recognition.

The main message of this paper is that better pattern
recognition sys 5 can be built by relying more on auto-
matic learning, and less on hand-designed heuristics. This
is made possible by recent progress in machine learning
and computer technology. Using character recognition as

a case study, we show that hand-crafted feature extrac-
: L . L DL P .




2012 AlexNet

e AlexNet
o {FFHReLUEN{X T SigmoidAzTanh
« {EMHDropoutFzAR (FC1, FC2)
e M Image augmentationfiN
e PoolingZXHmax pooling
. %FH%HGTX 580 GPU, %tXt120/3kHEA
- 812, #6000 5 %
—/|\ —
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BEM
Input
CNN1
CNN2
CNN3
CNN4
CNN5
FC1

FC2

n

C3
(output)
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Il
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||I|

i8R HREE SEHE (WD)

W*H*C = 2247224*3 224%224x3 = 150528 N/A

967 11x11x3MEFHZ 55*55*48"2 = 290400 11*11*3"96+96 = 34848
2567°5x5x48%5 %, RIEZHHIGPU 27"27*128"2 = 186624 (5"5"48"128+128)"2 = 307456
384/~3x3x256 B 1% 13*13*192*2 = 64896 3*3*256*384+384 = 885120
384-13x3x1928 %, RIEHFEIGPU 13"13"192"2 = 64896 (3737192*192+192)"2 = 663936
2563x3x192% 4%, RiIELFIGPU 13*13*128"2 = 43264 (3"3*192*128+128)"2 = 442624
2 &R, L —EBmaxpooling(s=2) 4096 (6"6*128*2)*4096+4096 = 37752832
ZEER 4096 4096*4096 + 4096= 16781312
ZEEER 1000 40961000 + 1000 = 4097000
N/A 809800 AFIREPIEMLER: 60965128
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Error Rate in Image Classification(%)
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2014 VGG

e VGG
e OxfordByVisual Geometry Group
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Table 1: ConvNet configurations (shown in columns). The depth of the configurations increases
from the left (A) to the right (E), as more layers are added (the added layers are shown in bold). The
convolutional layer parameters are denoted as “conv(receptive field size)-(number of channels)”.
The ReLU activation function is not shown for brevity.

o 3X35FOHE BT ER5X5FN7+7 A /) By B2 BF
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e Multi—ScaleZ{:
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Figure 1. Mini-network replacing the 5 x 5 conyclutions.

Table 2: Numbé

Network

Number of parameters

ConvNet Configuration
A A-LRN B C D E
11 weight 11 weight 13 weight 16 weight 16 weight 19 weight
layers layers layers layers layers layers
input (224 x 224 RGB image)
conv3-64 conv3-64 conv3-64 conv3-64 conv3-64 conv3-64
LRN conv3-64 conv3-64 conv3-64 conv3-64
maxpool
conv3-128 | conv3-128 | conv3-128 | conv3-128 | conv3-128 | conv3-128
conv3-128 | conv3-128 | conv3-128 | conv3-128
maxpool
conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256
conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256
convl-256 | conv3-256 | conv3-256
conv3-256
maxpool
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
convl-512 | conv3-512 | conv3-512
conv3-512
maxpool
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 3-512
conv3-512 | conv3-512 | conv3-512 | conv3-512 | cofw3-512
\
WIZRRTHEC
.
BWEH
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2014 GoogleNet

 GooglLeNet

e Factorization into small convolution
EFNINAY InceptionZEARFRLR
B A R~ &E ), s iE SR AE i,
ERTERENEERE, R1*1EFREK
22/=, 2000 A&
V2hiE HBatch Normalization

¥ [
morcatenaticn
R P, ~————— —
_— 2 |
= | P — -~ {M oA | 23 comepiution
121 commiiions 3 L 33 max posdng fikcen . = 5 1 I o | T
- 1
" ] 121 LWk 10T COMOILGONS 4 e pocking
S e e —
........... ‘ cay ‘

Convolution

|

il“

A LW ORE R R
whai Artiicial el izerce Ldsoratory

B

patch size/stride

type — input size

conv 3x3/2 299x299x 3

conv 3x3/1 149x149x 32

conv padded 3x3/1 147x147x32

T FZ3) pool 3x3/2 147x147x64
BILE=S) conv 3x3/1 73X 7364
conv 3x3/2 T1x71x80

Input: Values of  over a mini-batch: B = {z_,, }: 3/1 35x35x192
Parameters to be learned: ~, 3 gure 5 35 x35x 288
Output: {y; = BN,,5(z:)} gure 6 17x17x768
& o gure 7 8x8x1280

= — ,z;.:‘, // mini-batch mean 8 S x 8 x 2048

o] i(«-., : it it its 1 x 1 x 2048

B 2 T — 1) // mini-batch variance | 72 o 1 x 1 % 1000

A T — 1B
I ¢

// normalize

\/(rg. + €

Yi + YZ; + B =BN, g(z:) // scale and shift /
i
21 14+
i
i
S £
Figure
lower layer of thi ork

output units.

3
sists of a 3 x 1 convolution with 3
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2015 ResNet

* Residual learning
o {A[1ERH (MSRA#L TEitE4H)
s TS5 7S
« MSRASE 3] ZImfihG, BT
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e Highway Network
o« LSTM
* RNN
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Ka I qt-1
Training Very Deep Networks Deep Residual Learning for Image
https://arxiv.org/pdf/1507.06228v Recognition
2.pdf http://arxiv.org/abs/1512.03385
Abstract % "y v
. £ I £ L s6dayer
Deeper neural networks are more difficult to rain. We E \ = PR
present a residual learning framework to ease the training = .2 \ $6-layer ._E, o
of networks that are substantially deeper than those used 2 beYur Cu
C T = O-h\-cr
previously. We explicitly reformulate the layers as learn- ; —
ino residual functions with reference ro the laver inpiuts. in- L e qen iter (a4 ! 31
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2015 ResNet =

5 VGG-19 34-layer plain 34-layer residual
b
u u poal, /2
R d | | far)
eSlidua earning o
\? \ [ 3x3cu‘rlv'v:28 | [ 7x7oon*\ll,:l,/2 ] 7x7cur¥,:,,'z ]
— g —;-. ' = Hithit pool, pool, pool,
L4 1 52 ’K — é’ 56 Ia}er 5"':5"’ [ 313-:;%\;,156 ] 3xa:nv,aa H3cony, 64|
2 P ¥ 7 ¥
S = - 2[)-|ayer [ 3ccnv256 | 33 conv, 64 Iaconv6d |
PY N, 1 Y724 "‘j' E D.I}m E N s [ axzcn‘n'v.zsﬁ | 3>Gm*nv.64 I3conv.64 |
l e [m] l_ :E E [3a c:n,v, %6 | 33 co*nv,&l 33 E:r’w,ﬁﬂ
E b 3:(3:::;\\!.64 B3conv, 64|
B 20-layer ¥ ¥ =
— - 3x3 conv, 64 3x3 conv, 64
X S N DU B I N D R o ean oo T Sy ]
v HEE: (184) ICE. (164) et 28 [ 3x3c:v,511 ] 3135;\,_123 oo, 18|
weight layer Figure 1. Training error (left) and test error (right) on CIFAR-10 [ m}.m \ Mc:iv.ua SKSWQV,Q{' )
H i Al el ain? | . [ 3denys512 ] 313 conv, 128 33cony, 128 |
F(x) Jrelu N with 20 layer qu 56-layer “plain” networks. The Fieeper network o - —
Weight bayer has higher training error, and thus test error. Similar phenomena e o]
- - . s . *
identity on ImageNet is presented in Fig. 4. S B
3x3 conv, 128 3x3 conv, 128
- ¥ Y=
]'_(X) + X Shiattd pool, /2 ixlcnn;,'zsa,ﬂ 343 conv, 256, /2| Y

3x3 canv, 512 3x3 canv, 256

[ |
T g
Figure 2. Residual learning: a building block. i s v v
= o [aacnwsiz | 343 conv, 256 33 conv, 25 |
A 2
M ok 3x3 conv, 512 3x3 conv, 256 3x3 conv, 256
method top-1 err. top-5 err. L b Vil e I | v v :
T | 3x3 conv, 256 33 cony, 256 |
] ¥
VGG [41] (ILSVRC  14) x 8.43 I s S e
N v v
GoogLeNet [44] (ILSVRC 14) ; 7.89 . o sonm ]
VGG [41] (v5) 244 71 feer s - g o T
34-layer
R 313 conv, 256 33 conv, 2% |
PReLU-net [13] 21.59 511 .. e T Sonz ]
3 plain-18 ResNet-18 M ANAAN A AAA, e S
BN lnceptloﬂ I ] 6 ] 2 ] 99 5 8 l =—plain-34 =—ResNet-34 34-layer L' = ¥ 28 = 'Zsi:j _____
ResNet-34 B 21.84 5.71 0 10 20 30 40 50 () 10 20 30 40 50 praired peglilZ EAEro 2 A saeom sz |
esiNel-2 . s tter. (1e4) er. (led) 33 o 512 I3 cony, 512 | :
cony, %3 conv, g%
- 1 Figure 4. Training on ImageNet. Thin curves denote training error, and bold curves denote validation error of the center crops. Left: plain *
RE:SNE{—.S:I- C 2 ] 53 0 I g & b ? 33 m‘n'v,su 33cony, 512 |
¥

networks of 18 and 34 layers. Right: ResNets of 18 and 34 layers. In this plot, the residual networks have no extra parameter compared to
their plain counterparts.
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e GBD—Net
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Figure 2: A deep DenseNet with three dense blocks. The layers between two adjacent blocks are referred to as transition layers and change
feature-map sizes via convolution and pooling.

hidden layer 1 hidden layer 2 hidden layer 3

input layer

Figure 1: A 5-layer dense block with a growth rate of £ = 4.
Each layer takes all preceding feature-maps as input.
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BERE(S) setup.py - Visual Studio Code [

om setuptools import setup, find_packages, Extension

for root, dirs, files in os.walk(dir):
os.path.relpath(root, dir)
for name in files:
if name.endswith(’.
data.append(os.path.join(rel_root, name))

f load_requirements(fname):
reqs = parse_requirements(fname, sessiol

Q Discovering Python Interpreters
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